Discrepancy between clinical criteria for diagnosing acute respiratory distress syndrome secondary to community acquired pneumonia with autopsy findings of diffuse alveolar damage  by Sarmiento, Xavier et al.
Respiratory Medicine (2011) 105, 1170e1175ava i lab le at www.sc iencedi rect .com
journal homepage : www.e lsev ie r . com/ loca te / rmedDiscrepancy between clinical criteria for diagnosing
acute respiratory distress syndrome secondary
to community acquired pneumonia with autopsy
findings of diffuse alveolar damageXavier Sarmiento a,*, Juan J. Guardiola b, Jordi Almirall c, Eduard Mesalles a,
Jose Luis Mate d, Manuel Soler a, Jordi Klamburg aa Servei de Medicina Intensiva, Hospital Universitari Germans Trias i Pujol, 08916 Badalona, Spain1
bDivision of Pulmonary and Critical Care Medicine, University of Louisville, Louisville, KY 40202, USA
c Servei de Medicina Intensiva, Hospital de Mataro´, CIBER de enfermedades respiratorias (Ciberes, U.A.B), Barcelona, Spain
d Servei d’Anatomia Patologica, Hospital Universitari Germans Trias i Pujol, 08916 Badalona, Spain
Received 27 December 2010; accepted 5 April 2011
Available online 12 May 2011KEYWORDS
Pneumonia;
Acute respiratory
distress syndrome;
Diagnosis;
Autopsy;
Pathology;
Diffuse alveolar damage* Corresponding author. Tel.: þ34 6
E-mail address: 16155jsm@comb.c
1 Institution where research perform
0954-6111/$ - see front matter ª 201
doi:10.1016/j.rmed.2011.04.001Summary
Diffuse alveolar damage (DAD) is the underlying pathological finding in most cases of acute
respiratory distress syndrome (ARDS). The objective of this study was to compare clinical
criteria for ARDS secondary to community acquired pneumonia with autopsy findings of DAD
and to determine the discrepancy rate between the two.
We compared prospectively obtained clinical diagnosis of ARDS secondary to community
acquired pneumonia with autopsy findings of DAD and pneumonia. Forty nine patients dead
with a clinical diagnosis of ARDS secondary to pneumonia who underwent autopsy between
1986 and 2004 in our ICU were included with systematic histopathological analysis of all lung
lobes. The discrepancy rate between the premortem clinical diagnosis of ARDS secondary to
pneumonia and DAD at autopsy was determined. Seven patients were found to have neither
infection nor DAD at autopsy. Six patients showed pathologic signs of DAD without evidence
of infection. Out of 38 patients meeting clinical criteria for ARDS secondary to pneumonia
and proven pneumonia at autopsy, 25 met criteria for DAD at autopsy. Therefore, 18 out of
49 patients who were clinically diagnosed with ARDS did not actually show pathological signs89227561.
at (X. Sarmiento).
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A
PaO2/FiO2 < 200 mmHg
Acute onset of bilateral lung infilt
Pulmonary capillary wedge pressu
B
1. Timing: acute onset
2. Oxygenation: PaO2/FiO2  200
3. Chest radiography(frontal): bila
4. Noncardiac cause:
Pulmonary capillary wedge pr
Or no clinical evidence of left
All patients had to satisfy each of th
AECC: American e European Consenof DAD, resulting in a discrepancy rate of 37%. Despite an acceptable correspondence between
clinical criteria for ARDS secondary to pneumonia and autopsy findings of DAD a significant
number of patients had neither signs of DAD nor infection.
ª 2011 Elsevier Ltd. All rights reserved.Introduction
In 1994, the AmericaneEuropean Consensus conference
(AECC) on acute respiratory distress syndrome (ARDS)
established clinical criteria for the definition of ARDS
including acute onset of illness, bilateral infiltrates on
frontal chest radiography, PaO2/FiO2  200 mmHg, and
a pulmonary capillary wedge pressure (PCWP) of 18 mmHg
or no clinical evidence of left atrial hypertension.1 Later,
the causes of ARDS were classified as direct or indirect lung
injury. Pneumonia is the most common cause of ARDS
secondary to direct lung injury.2,3 Diffuse alveolar damage
(DAD) is the underlying pathological finding in most cases of
ARDS. DAD is characterized by a sequence of pathological
changes that occur following lung injury as described by
Katzenstein.4 The changes are divided in two or three
overlapping phases: an early, acute or exudative phase,
a proliferative or organizing phase, and a chronic fibrotic
phase.4e6 The early, acute or exudative stage of DAD is
more prominent in the first week after injury and is char-
acterized by edema and hyaline membranes (HM). HM, the
histologic hallmark of the exudative stage, are seen as early
as 12 h after injury but are most prominent after 3e5 days.
The proliferative or organizing stage of DAD occurs after
1e2 weeks and is characterized by fibroblast proliferation,
mainly within the interstitium but also focally within
airspaces. Edema and HM are not prominent.
After 3e4weeks onmechanical ventilation, a fibrotic stage
can be seen characterized by extensive interstitial fibrosis.
The hallmark of DAD is HM4e6 although depending on the
time of duration of ARDS only edema (first 24 h) or only
fibrosis (2e3 weeks after onset) can be found. For instance,
if open lung biopsy is performed 2e3 weeks after onset of
ARDS, HM are almost gone.
A general correlation between the clinical diagnosis of
ARDS and the pathologic diagnosis of DAD has always beendiagnosis of ARDS prior to AEC
rates on the chest radiography
re 18 mmHg monitored by a S
mmHg
teral infiltrates
essure 18 mmHg when measu
atrial hypertension
ese criteria.
sus Conference on ARDS.assumed; however, few studies have attempted to compare
the clinical diagnosis of ARDS based on AECC criteria1 and
histopathologic evidence for DAD. In 2004, Esteban and
colleagues7 retrospectively reviewed all patients with
a clinical diagnosis of ARDS who died in an ICU in Madrid,
Spain. At autopsy only 84 of 127 patients who met AECC
clinical criteria for ARDS had DAD.
In 1986, we began a study of patients who died in our
intensive care unit (ICU) with a clinical diagnosis of
community acquired pneumonia (CAP) and ARDS, in whom
an autopsy was performed with systematic analysis of all
lung lobes. The primary objective was to compare the
premortem clinical diagnosis of ARDS secondary to pneu-
monia and postmortem findings of DAD. Esteban et al. in
their study included all patients with ARDS, we chose to
study only the patients with ARDS secondary to pneumonia.Methods
After approval by the hospital institutional review board
(IRB), this prospective study was performed in our multi-
disciplinary medicalesurgical ICU from January 1986 to June
2006. During this period, 8095 patients were admitted to our
ICU with a mean length of stay (LOS) of 12 days. A total of
2041 deaths were recorded, representing a 25% mortality
rate. 4783 patients needed mechanical ventilation (67%). A
total of 2361 ARDS caseswere recordedwith amean age of 53
years. Among these, 273 were diagnosed with ARDS
secondary to community acquired pneumonia (CAP) and 89
of those died. After obtaining written consent from the
families of the patients, an autopsy was performed in 49
patients (55% of patients). In all these cases, the clinical
diagnosis of CAP preceded the diagnosis of ARDS. Over the
17.5 year study period, all patients who died in our unit with
pneumonia were prospectively recorded.C. (B). AECC Criteria for diagnosis of ARDS (1994).
in at least 3 lung quadrants
waneGanz pulmonary artery catheter
red
Table 2 Clinical criteria for diagnosis of pneumonia.
CAP New infiltrate on chest radiography “sine qua non criterion”
And 2 or more symptoms or signs of pneumonia
New or increased cough (productive or nonproductive)
Pleuritic chest pain
Dyspnea
Crackles or bronchial breathing on physical exam
And the following 2 signs of sepsis
Temperature>38 C
Leukocytosis (>12,000), leukopenia (<4000) or ‘bandemia’ (>10% band forms)
CAP e Community acquired pneumonia.
1172 X. Sarmiento et al.The clinical diagnosis of ARDS was based on criteria
presented in Table 1. These were the criteria used before
the publication of the AECC1 and included the insertion of
a SwaneGanz pulmonary artery catheter to measure the
pulmonary capillary wedge pressure (PCWP). For cases
enrolled after 1994, the AECC criteria were used.
The autopsy included a specific evaluation of every lung
lobe, in order to identify microscopic signs of pneumonia
and/or DAD. Histological criteria for the diagnosis of acute
pneumonia were the presence of neutrophil-rich alveolar
exudates with variable amounts of fibrin and red
cells  presence of bacteria.
The histopathologic diagnosis of DAD was made in accor-
dance with the criteria from the AmericaneEuropean
consensus statement on classification of idiopathic intersti-
tial pneumonias.8 The key histologic features of DAD are the
following: diffuse distribution, uniform temporal appear-
ance, presence of hyaline membranes (HM), alveolar septal
thickening due to organizing fibrosis (usually diffuse) and
airspace organization (patchy or diffuse).
2The pathological diagnosis was made by two pathologists
who worked independently of each other. In case of discor-
dance, the opinion of a third pathologist was sought and then
the diagnosis was made when there was agreement between
two of the three pathologists.
Pneumonia was considered as community acquired
pneumonia (CAP). The clinical diagnosis of CAP required
evidence of a new pulmonary infiltrate on chestTable 3 General characteristics of the patients included
in the study.
Patients with clinical diagnosis of
pneumonia þ ARDS
49
Age (years) 53  17.5
Gender Females Z 10,
Males Z 39
Microorganisms responsible
Streptococcus pneumoniae 8
Legionella pneumophila 5
Staphylococcus aureus 3
Hemophillus influenzae 3
Pseudomonas aeruginosa 5
Other gramnegative bacteriae 4
Pneumocystis jiroveci 4
Without identification 17radiography associated with 2 or more signs and symptoms
characteristic of the pneumonia syndrome9 new or
increased cough, sputum production, dyspnea, pleuritic
chest pain, crackles or bronchial breathing on auscultation
and the following two signs of sepsis: temperature >38 C
or <36 C, white blood cell count >12.000/cu mm, <4.000/
cu mm or >10% immature (band) forms (Table 2).
Patients initially diagnosed with ARDS, but who later
developed pneumonia, were not included in the study.
Discrepancy rate10 between premortem clinical diagnosis
of ARDS secondary to pneumonia and findings of DAD at
autopsy was calculated. Among the group of patients with
pathological signs of lung infection and DAD, the chronolog-
ical correlation between the time from the clinical diagnosis
of ARDS to death and the pathological stage of DAD, was
determined using a 3  3 table (with 3 grades: <72 h, 3e7
days and >7 days) and applying the Cohen kappa test.
Independently, the microbiological identification was also
considered in each case, calculating the proportion of patients
with microbiological identification from a clinically significant
source (using the chi-square test, considering ap-value< 0.05).Results
A postmortem exam was performed in 49 patients with
a clinical diagnosis of ARDS secondary to pneumonia. Seven
patients were found to have neither pneumonia nor signs of
diffuse alveolar damage (DAD) at autopsy (two had AIDS and
pulmonary edema without hyaline membranes, two had
cardiogenic pulmonary edema, one had atelectasias with
respiratory insufficiency secondary to acute pancreatitis,
one had Wegener’s granulomatosis, and one had alveolar
hemorrhage secondary to acute myelogenous leukemia).
Table 3 shows the characteristics of the 49 patients
included. Fig. 1 shows the results of the clinical and path-
ological correlations (Table 4).
Out of 49 patients who met the clinical diagnostic
criteria for ARDS, 25 patients had pneumonia with DAD
(pathological counterpart of ARDS) at autopsy.
11 more patients had pneumonia without DAD and, of
these 11, seven had acute pneumonia with clinical ARDS of
less than 48 h duration (Fig. 1). One other patient who
required 36 days of mechanical ventilation only had pneu-
monia and fibrosis at autopsy. Three patients more who
required mechanical ventilation for one week were found
to have only pneumonia at autopsy. Therefore, in 11 out of
No micro-
organism= 4 
Pneumonia at Autopsy 
YES – 36 patients 
DAD absent - 11 DAD present – 25 
NO – 13 patients 
DAD absent - 7 DAD present – 6 
No micro-
organism= 4 
No micro-
organism= 4 
No micro-
organism= 2 
Figure 1 Total 49 patients with clinical diagnosis of pneumonia and ARDS. Subgroups according to findings of pneumonia and/or
DAD at autopsy.
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they did not meet criteria for DAD at autopsy. Nevertheless,
in seven there was not been passed time enough to develop
hyaline membranes in the alveoli (<48 h). Therefore, if we
consider 11 failures, the overall discrepancy rate between
premortem clinical diagnosis of ARDS secondary to pneu-
monia and postmortem findings of DAD was 29%, but if we
include these seven patients in the group of patients with
ARDS, the discrepancy was 12%.
13 patients out of the 49 patients studied had not
pathological signs of infection. Seven patients did not have
DAD at autopsy, but among the remaining 6 with DAD, two
of them had bacterial identification by reliable specimens
(Pseudomonas in blood culture in one case and Acineto-
bacter in telescoped protected catheter in another), so we
considered only 11 as failures regarding infection (22%).
Among the 25 patients with pneumonia and DAD at
autopsy, neutrophilic infiltration was present in at least one
pulmonary lobe and histological evidence of DAD involving
the lungs diffusely. In only two of these patients the micro-
biology was negative, whereas among 7 patients withTable 4 Clinicalepathological correlations.
Pneumonia
(36)
Microorganisms
DAD present 25 S. pneumoniae Z 6;
Legionella Z 3;
P. aeruginosa Z 3;
H. influenzae Z 2;
PCP Z 4;
No identification Z 2;
Other Z 5
DAD absent 11 S. aureus Z 2;
S. pneumoniae Z 2;
Legionella Z 2;
H. influenzae Z 1;
Klebsiella Z 1;
P. aeruginosa Z 1;
No identification Z 4
DAD: Diffuse Alveolar Damage.anatomopathological infection without DAD 4 had not
microbiological identification. Among these 25 patients with
both DAD and anatomopathological signs of infection, the
clinicalepathological correlation was studied (Table 5),
considering 3 chronological periods (<72 h, 3e7 days and>7
days). Using the Cohen kappa test the agreement coefficient
was 0.43with 95%confidence,meaning a“moderate” clinical
and pathological chronologic agreement.
If we consider the microbiological results, we observe
that in patients with clinical diagnosis of ARDS as well as
pneumonia and anatomopathological confirmation of DAD
at authopsy, the proportion with microbial identification is
significantly higher (p-value <0.05).
Discussion
Clinical/physiological descriptions of ARDS have been
related to a morphological prototype of acute lung injury
(DAD). But many cases of clinical ARDS do not have all the
histopathological features of DAD. Hyaline membranes, the
histologic hallmark of the acute stage may be missing.
Conversely some patients with DAD may not have the clin-
ical picture of ARDS.
Our study shows an acceptable concordance between
ARDS secondary to pneumonia and DAD and it is consistent
with the internationally accepted criteria for diagnosis of
ARDS. Nevertheless, from a total of 49 patients with clinical
diagnosis of ARDS secondary to pneumonia, 31 patients had
DAD at autopsy but 18 patients did not meet criteria for DAD,
resulting in a discrepancy rate of close to 37%. Significantly,
in three of the four cases inwhich DADwas absent, either too
little time (2 cases) or too prolonged a time (1 case) elapsed
for DAD to manifest itself. This finding is consistent with the
recognized time required for the development and resolu-
tion of DAD. The pathological alterations of DAD may not be
clearly observed, especially the presence of hyaline
membranes, if the postmortem exam is performed within
48 h of onset of ARDS or in a later period of the disease, when
changes of pulmonary fibrosis develop.
Although we began the study before the publication of
the AECC definition, our clinical criteria for the diagnosis of
ARDS were at least as strict as the AECC criteria. One
difference was that we required the insertion of
Table 5 3  3 table of agreement and Cohen’s kappa test.
Clinical time of evolution of ARDS
Pathological Evaluation of DAD <3 days 3e6 days 7 or more days Totals
<3 days 2 4 4 10
3e6 days 1 4 4 9
7 or more days 2 2 8 12
Totals 5 10 16 31
1174 X. Sarmiento et al.a pulmonary artery catheter in order to confirm that the
PCWP was not elevated.
Despite repeated efforts to improve the definitions of
ARDS/ALI, difficulties and controversies still remain.11
There is significant inter-observer variability when evalu-
ating the chest radiography for diagnosis of ARDS and
pneumonia in patients requiring mechanical ventilation.
Combining the information provided by chest radiography
and CT improves diagnostic accuracy. The gas exchange
criteria of the AECC definition is also controversial;
increasing the level of PEEP alone may improve the PaO2 at
a given FiO2 and change the value of the PaO2/FiO2 ratio
causing the patient not to meet criteria for ARDS.
Furthermore, lack of evidence of left atrial hypertension
solely on clinical grounds may be inaccurate. Finally, there
is no precise cutoff value of the PCWP, some patients with
ARDS have been found to have PCWP of >18 mmHg, in some
cases due to volume loading during the initial resuscitation
phase of severe sepsis/septic shock while trying to achieve
central venous oxygenation saturation 70%.12 Increased
intrathoracic pressures from high PEEP can also lead to
a false elevation of the actual PCWP.
Clearly, patients with DAD and anatomopathologic signs
of infection at autopsy had a higher rate of positive
cultures. In previously published work by Bell and cols,13
they concluded that in patients with ARDS multiple organ
system failure was more common in infected (93%) than in
noninfected (47%) patients.
Many pneumonias could demonstrate DAD without
necessarily fitting ARDS and conversely, the presence of
DAD could not be the only pathology underlying ARDS.
One limitation of our study is the fact that these results
cannot necessarily be applied to every patient with ARDS
secondary to pneumonia who survive, since we only studied
the patients who died and underwent autopsy. Another
limitation is that DAD found at autopsy may be secondary to
certain common events in the preterminal period of criti-
cally patients, such as shock, DIC, transfusions, or oxygen
toxicity rather than induced by pneumonia.
Conclusion
In a population with severe pneumonia we have demon-
strated an acceptable degree of correspondence between
the premortem diagnosis of ARDS secondary to pneumonia
and postmortem (autopsy) findings of DAD in a group of
patients who died while in the ICU. However, much pneu-
monias could demonstrate DAD without necessarily fitting
ARDS and conversely, the presence of DAD could not be the
only pathology underlying ARDS.Key messages
 Diffuse alveolar damage (DAD) is the underlying path-
ological finding in most cases of acute respiratory
distress syndrome (ARDS).
 Pneumonia is a common cause of ARDS.
 Despite an acceptable correspondence between clinical
criteria for ARDS secondary to pneumonia and autopsy
findings of DAD a significant number of patients had
neither signs of DAD nor infection.Authors’ contributions
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